Abstract. PHENIX measures the open heavy flavor productions in p + p, Cu+Au, and Au+Au collisions at √ s NN = 200 and 510 GeV using the silicon tracking detectors for mid-and forward rapidities. In Au+Au collisions, the nuclear modification of single electrons from bottom and charm hadron decays are measured for minimum bias and most central collisions. It is found that bottoms are less suppressed than charms in p T =3-5 GeV/c and charms in most central collisions are more suppressed than that in minimum bias collisions. In p + p and Cu+Au collisions, J/ψ from B meson decays are measured at forward and backward rapidities. The nuclear modification of B mesons in Cu+Au collisions is consistent with unity.
Introduction
Heavy quarks are useful probes to study the property of Quark -Gluon Plasma medium created in high energy heavy ion collisions. Heavy quark production is sensitive to the initial state effects because they are mainly produced via initial hard scattering. Once produced, they don't disappear by the strong interaction and they suffer final state effects such as energy loss and collective flow in QGP. Thus, their momentum and angular distributions are modified.
The PHENIX experiment previously measured a strong suppression of heavy quark production in Au+Au collisions by the measurement of single leptons from the heavy quark decays [1, 2] . The suppression of the charm quark was confirmed with the direct D reconstruction by the STAR experiment [3] . To study the suppression of heavy quarks, especially bottoms, we installed the barrel and forward silicon vertex tracker (VTX and FVTX) in 2011 and 2012. The VTX and FVTX cover |y| < 1.2 and 1.2 < y < 2.2 in rapidity and 2π in azimuth. The VTX at mid-rapidity allows the statistical separation of electrons from bottom and charm decays using the track displacement from the collision vertex. In addition, J/ψ from B decays is a clean channel to measure the open bottom production. The FVTX at forward rapidity enables the extraction of J/ψ from B decays from prompt J/ψ.
In the proceedings, we report the recent results on bottom and charm electrons in central Au+Au collisions and their nuclear modifications, and J/ψ from B decays in p + p and Cu+Au collisions at forward rapidity. To separate the bottom and charm components, the unfolding method performs a simultaneous fitting to the DCA distributions and the invariant yield of electrons from inclusive heavy quark decays as described in the article [4] . Figure 1 shows the electron DCA distribution. The bottom and charm components obtained by the unfolding method are also plotted as well as the sum of the all background components.
The nuclear modification factor (R AA ) for bottom electrons and charm electrons are calculated using the bottom electron fractions in Au+Au and p + p [5, 6] , and R AA of electrons from inclusive heavy quark decays [2] . Figure. 2 show R AA ' for minimum bias (MB) (left) and 0-10% central Au+Au collisions (right). We found that bottom electrons are less suppressed than charm electrons decays for p T < 4 GeV/c and similarly suppressed for higher p T in both 0-10% central and MB collisions. The result is consistent with the expectation of the mass ordering of energy loss, ∆E c > ∆E b . In addition, charms in 0-10% central collisions are more suppressed than that in MB collisions.
J/ψ from B decays in p + p and Cu+Au collisions
J/ψ from B meson decays is a clean measurement of open bottom production. The dataset used in the analysis were p + p at √ s =200 and 510 GeV and Cu+Au collisions in 2012 and 2015. B production in p + p is good for testing perturbative QCD and provides an important baseline for the measurement in nuclear collisions. The advantage of asymmetric Cu+Au collisions is to study QGP with different initial state effect by measuring at positive and negative rapidities.
PHENIX measures single muons from the decays of B → J/ψ(+X) → µ + + µ − at forward and backward rapidity. J/ψ is reconstructed from unlike sign di-muon pairs within the invariant mass 2.8 < M µµ (GeV/c 2 ) < 3.5. FVTX measures DCA of single muons from J/ψ decays. The DCA distribution of muons for J/ψ from B decay is broader than that of prompt J/ψ and have longer tail in negative side because the detector acceptance at the negative side is wider, while the DCA for prompt J/ψ is symmetric. Figure 3 shows the single muon DCA distribution from J/ψ decays in Cu+Au collisions. The DCA distribution is fit with the template DCA shapes of J/ψ from B decays and prompt J/ψ to extract the B decay components. The analysis procedure is described in detail [7] . The J/ψ from B decays and prompt J/ψ from the fitting are also plotted. [8] for J/ψ from B decays and Color Evaporation Model [9] for prompt J/ψ, it is found that the calculation is consistent with the data in p+ p. On the other hand, the fractions in Cu+Au collisions are much larger than that in p + p.
The nuclear modification factor R AA of J/ψ from B decays and prompt J/ψ is calculated using the B rightarrowJ/ψ fractions in Cu+Au and p + p, and the R AA of inclusive J/ψ [10] . Figure 5 shows these R AA as a function of rapidity. The R AA of J/ψ of B decays are consistent with unity within uncertainties for both Cu-and Augoing directions even though is also consistent with a small enhancement from the initial state effect predicted by the EPS09 prediction [11] .
In 510 GeV p + p collisions, dσ/dy(pp → bb) is determined by the fraction of J/ψ from B decays and the inclusive J/ψ cross section by the extrapolation of the PHENIX 200 GeV p + p result [12] . 
Summary
PHENIX measured bottom and charm quark productions in p + p, Cu+Au, and Au+Au collisions at √ s NN = 200 and 510 GeV . The VTX and FVTX enables the statistical separation of the bottom and charm contributions. In Au+Au, we studied the nuclear modification of bottoms and charms for 0-10% central collisions and MB collisions. The results show the less suppression of bottoms than that of charms. In addition, charms in 0-10 % central collisions is more suppressed than that in MB collisions. From J/ψ from B decays by the FVTX at forward rapidity, the bottom yield in p + p collisions is consistent with the the FONLL + CEM calculation. In Cu+Au collisions, the nuclear modification of bottoms is consistent with the number of binary collision scaling for both positive and negative rapidities. These results provides important information about the QGP properties from new angle. The analyses with the significantly large amount of Au+Au and p + p data collected in 2014 to 2016 are underway. These new dataset should provide more precise measurement and quantitative constraints on the QGP properties.
